Aim: To evaluate the bacterial contamination of the water from the micro¯ora of pressure ulcers in para-and tetraplegic patients, when they were exercising in water at 368C for half an hour. Material: Twelve spinal cord lesioned (SCL) patients with ulcers participated, and six of the 12 SCL patients with healed ulcers constituted a control group. Methods: The evaluation was performed both with and without the ulcer covered with a moisture reactive occlusive dressing, DuoDERM 1 . Bacterial samples were taken from the bath-water before and after the exercise programmes and additionally specimens were obtained from the ulcer, the patients skin and urine, and from the skin of the physiotherapist who exercised the patient. A similar procedure was carried out in the controls. Results: The bacteriologic analyses showed no signi®cant dierence in the contamination of the bath-water after exercising with or without DuoDERM 1 covering the ulcers. In half of the patients DuoDERM 1 loosened. After all exercise programmes with or without DuoDERM 1 dressing the water was contaminated with facultative aerobic intestinal bacteria, ie E. faecalis and Enterobacteriaceae (E. coli, Klebsiella species, Proteus species, Enterobacter species). In nearly one-third of the exercise sessions the bath-water was contaminated with P. aeruginosa before starting, and after the exercise programmes one fourth of the ulcers were colonized with these pathogens. Conclusion: The water specimen showed the bacteria from the intestine to be much more prominent than the bacteria coming from the ulcers. Thus the pressure ulcers were of minor importance for the bath-water and ought not to prohibit patients from the potential bene®ts of water exercise, but chlorination of the water in the training pool seems appropriate.
Introduction
Para-and tetraplegic patients with ulcers, including pressure ulcers have generally not been allowed to exercise in the training pool of our centre, as we have been concerned with the possibility that the micro¯ora from the ulcers could contaminate the bath-water. The bath-water is chlorinated to prevent contamination and to clean it for organic material from sweat, sputum, urine etc. For disinfection chlorine gas (Cl 2 ) or sodium hypochloric solution (NaOCl) is used. The chemical reaction results in chloramines 1 , which may irritate the eyes 2 . In addition, trihalomethans may develop (eg chloroform (CHCl 3 ), brominedichloromethan (CHCl 2 Br)). Some trihalomethans are known to be mutagenic and some may be carcinogenic 2 . For these reasons it is important to minimise the chemical reactions in the chlorinated water, not least because the physiotherapists may be working with the patients in the water for 1 ± 2 h a day, while the patients most often are only exercising for half an hour one to three times a week. Therefore the aim is to keep the content of organic material in the water as low as possible, eg by restriction of the number of people allowed into the water, making sure that good perineal hygiene has been performed as well as a thorough whole body wash before entering the pool. For the same reason we have not allowed patients with ulcers into the pool. The purpose of this study was to evalute the bacterial contamination of water and ulcer, when allowing paraand tetraplegic patients with pressure ulcers to exercise in the water.
Material and methods
Twelve spinal cord lesioned (SCL) patients with pressure ulcers (one had an ulcer after an abscess), participated in the study. Their gender, age, neurological level, functional class according to Frankel et al 3 , years since lesion, months with the ulcer, together with the location of the ulcer are given in Table 1 . A control group consisting of six of the 12 SCL patients with healed ulcers, was established (Table 1 ). All the patients had neurogenic bladder-and bowel paresis. The size of the ulcers diered both at and below skin level and in depth (Table 1) , from a super®cial skin entrance of 5 mm to an undermining of 6 cm. DuoDERM 1 , a moisture reactive occlusive ulcer dressing with a water impermeable polyurethane outer covering, was used 4 ± 6 . Before application of Duo-DERM 1 the ulcer was cleaned with isotonic saline and a hydrogen peroxide solution 3%. The Duo-DERM 1 was applied to the skin approximately half an hour before the participant came into the water.
The exercise programme (see below) was carried out in a conventional bath tub (volume 190 litres), which was disinfected with liquid chloramine containing soap 1% (TREF, AS, Kaalunds Fabrikker, Kokkedal, Denmark) and rinsed with water between the exercise sessions and ®lled with fresh water from the tap. With this cleaning procedure all bacteria should be killed. The study was carried out without chlorinated water to be able to isolate the micro¯ora from the ulcers or from other sources.
A pre-set programme of exercises was performed by the same physiotherapist: The patients legs were passively moved ten times with knee/hip¯exions, hip exions with straight knees, hip abduction (restricted because of the the rather narrow bath tub), hip adductions and abdominal muscle training with headlift. These exercises were repeated four times during each training period of half an hour. This exercise programme was tailored to simulate movements the patient would have in the training pool.
The ulcer patients performed the training session in the bath tub twice with at least 1 day interval (median 1 day, mean 3.9 days, range 1 ± 10 days) once with and once without DuoDERM 1 covering the ulcer. In order to study whether bacteria from the ulcers contaminate the water, samples were taken of the bathwater before and after the exercise programme. In addition samples were taken from the ulcer, the skin at a distance of 4 cm from the ulcer, from the back of the hand of the patient and from the physiotherapist before the exercising programme and from around the DuoDERM 1 or from the ulcer after the exercises were performed.
Since the patients are liable to have urinary tract infection we also took urine for culture. Except from the ulcer and DuoDERM 1 samples the same samples were taken during the control studies.
Bacteriological techniques
One hundred ml bath-water was taken from the bath tub and placed in a sterile container, both before and after the exercise programme had been carried out, placed in the refrigerator and the next day the samples were ®ltrated by a Milli¯ex-100 system on a 0.22 mm membrane. Hereafter the membrane was placed on 5% bloodagar plate, where the bacteria were cultured aerobically (378C for 48 h), counted and identi®ed. The lower detection limit of the method used is 10 CFU/L.
The skin samples were obtained by wet swab, which was rubbed over the skin with a`®rm' hand. The transport was by Stuart's transport medium.
These bacterial samples were cultured aerobically at 378C for 48 h on 10% bloodagar plates and a modi®ed Conradi-Drigalski medium selective for Gram-negative This ulcer was caused by an abscess; ischial: over ischial tuberosity; sacral: over sacral bone; mal: over lateral malleolus; *Osteititis of the tuberosity; #Exudation present; {More than 1 cm in depth, may be undermined; {Had in addition a little ischial ulcer in healing rods (State Serum Institute, Copenhagen, Denmark). The bacteria were identi®ed by conventional methods. 7 Anaerobic bacteria were not investigated.
For clarity we have excluded the skin bacteria (S. epidermidis, other coagulase neg. staphylococci, Corynebacteria) from the results.
The study was performed according to`The Declaration of Helsinki II'. Informed consent was given by each patient before start of the study.
Results

Bath-water
Before the exercise programme 7/30 of the samples of bath-water were without bacteria. In average 1.3 bacterial strain was isolated from the positive bathwater specimens before the exercise programme was performed. Following the exercise programme all of the 30 bath-water specimens contained bacteria, and an average 2.2 bacterial strains were isolated. The bacteria isolated are given in Tables 2 and 3 . The number of bacteria was signi®cant higher in the bath-water after the exercise programme in the ulcergroup with DuoDERM 1 only ( Table 2 , P=0.01, w 2 -test, df=1) but the trend was the same for the group without DuoDERM 1 and the control group. The total number of bacteria and the number of facultative aerobic intestinal bacteria, ie. E. faecalis and Enterobacteriaceae (E. coli, Klebsiella species, Proteus species, and Enterobacter species) showed, from before to after the exercise, no signi®cant dierences between the ulcer-groups with or without DuoDERM 1 (Fisher's exact tests, Table 2 ). The bath-water showed, from before to after the exercise, signi®cant more often facultative anaerobic intestinal bacteria in both ulcer-groups ( Table 4 shows bacteria strains isolated from the bathwater after the exercise programme not isolated from the patient or physiotherapist prior to the exercise programme. In only seven of the 30 trials were such bacteria strains not isolated. Fifteen of the 37 (41%) bacteria strains found were intestinal bacteria.
The ulcer
The ulcers micro¯ora before and after the exercise programme is given in Table 5 . In six of the 12 patients the DuoDERM 1 loosened. In one patient it fell o completely.
Before the exercise programme, facultative aerobic intestinal bacteria were isolated in ten patients, and S. aureus in six patients in the trials with or without DuoDERM 1 . After the exercise programme, facultative anaerobic intestinal bacteria were isolated in only eight patients, while S. aureus was also found in eight patient trials.
Furthermore, P. aeruginosa was isolated in six of the trials after the training session. In two of these cases P. aeruginosa was isolated from the bath-water Table 2 Bacteria isolated from the bath-water before and after the exercise programme carried out with spinal cord lesioned patients in a bath tub with fresh water. In the ulcer-group (n=12) the patients were studied both with and without DuoDERM 1 covering their ulcer. The control-group (n=6) consisted of patients from the ulcer-group with healed ulcers (cf. Bacterial contamination of bath-water F Biering-Sùrensen et al Table 3 Total number of bacteria isolated (CFU/L) from the bath-water before and after the exercise programme carried out with spinal cord lesioned patients in a bath tub with fresh water. In the ulcer-group the patients were studied both with and without DuoDERM 1 covering their ulcer. { Corresponds to those patients, who were not in the control group before the exercise programme. In no instance was this bacteria found in the ulcer prior to the trials. Considering the bacteria isolated in the ulcers before the exercise (Table 5 ) and in the bath-water after the training sessions (Table 3 ) it was found, that the same intestinal bacteria were isolated in nine instances and S. aureus in one.
The skin
Before the exercise programme the skin swab 4 cm from the ulcer showed, S. aureus in two, and Enterococcus faecalis in four specimens, otherwise only skin¯ora was isolated.
From the skin o the back of the hand of the patients in three of 30 instances were bacteria isolated: S. aureus only (two cases), and non-haemolytic Streptococci (one case). In two patients from the ulcer group was S. aureus was found on the skin and subsequently, after the exercise, was isolated from the bath-water.
The skin on the back of the hand of the physiotherapist grew S. aureus in 1/30 swabs. S. aureus was not found in the bath-water after the exercise.
Urine
Signi®cant bacteriuria (510 5 CFU/ml) was found in 7/25 urine specimens (not cultured in ®ve cases). The bacteria isolated were P. aeruginosa (three cases), P. mirabilis (three cases), and E. coli (two cases). After the training session the bath-water from the corresponding patients showed P. aeruginosa in two and E. coli and P. mirabilis in one instance each.
P. mirabilis in one, and P. aeruginosa in two patients were found in the urine before, and in or around the ulcer after the trial.
Discussion
The number of bacteria isolated in the bath-water after the exercise programme more than doubled compared to before the training session. Nearly one fourth (7/30) of the pre-exercise and all the postexercise bath-water specimens contained bacteria. These ®gures alone indicate that chlorination of the water in training pools is an appropriate measure to prevent contamination. dressing loosened indicating that the mechanical forces on the DuoDERM 1 dressing during half an hour exercising in water reduced the binding capacity of this dressing to the skin. However, it may be of importance for psychological reasons both for the patient and the physiotherapist to cover the ulcer with a dressing. We do not know if the DuoDERM 1 dressing will adhere better when used in the training pool with a smaller exercise programme compared with the tub programme. In the control group, as well as in the ulcer group, the bath-water was contaminated with bacteria.
The water specimen showed the facultative aerobic intestinal bacteria to be much more prominent than those coming from the ulcers. However some of these bacteria were also identi®ed in the ulcers prior to the exercise, but as the patients carry the same bacteria in the gut, we cannot identify their origin. We ®nd that the contribution of ulcer bacteria to the bath-water is not of higher importance than contamination from other sources, including faecal contamination, which also previously has been shown to be prominent in swimming pool water 8, 9 . All the SCL patients were para-or tetraplegics with neuropathic bladder and bowel. Thus in this study the bacteria speci®cally from the ulcer to the bath-water was no major problem for the physiotherapist or the patient. In addition, DuoDERM 1 did not protect the ulcer against contamination.
In 25% of the 24 ulcer trials, the ulcers were colonized with P. aeruginosa after the exercise session. These bacteria were in the bath-water, and came mainly from the tap water, and are common in swimming pools in general 8 ± 10 . We conclude, that para-and tetraplegic patients with pressure ulcers may exercise in the training pool with chlorinated water, and ought not to be prohibited from the potential bene®ts of water exercise. A covering of the ulcer is merely for aesthetic reasons.
